The aim of the study was to check if the quality of water which was taken from different sources (used for plant protection treatments) influences the droplet size generated by agricultural nozzles. The experiment was done in the laboratory of the University of Life Sciences in Lublin (UP Lublin), and water from 3 different sources was used, demineralized water was used as reference water. There were two treatements of adjuvant (Superam 10AL): with and without adjuvant. The water quality was assessed on the basis of the change of surface tension. The surface tension was measured with a drop Shape Analizer DSA30 device. The Flat Fan, one of the agricultural nozzles widely used by farmers, was used in the study. The measurement was done with spraying pressure of the following values: 2 bar, 3 bar and 4 bar with three repetitions. The droplet size was measured with a laser diffractometer HELOS/R -Sympatec. The results show that using the adjuvant changed the surface tension for all the types of the water sources. However, this change was higher for the water from the farm well (source B) and the tap water from UP Lublin building (source C). This change in the surface tension alters in turn the drops size (Volume Median Diameter) depending on the average results of the spray patteren, but only when using 3-bar pressure.
INTRODUCTION
According to the EU Directive 2009/128 /EC on the sustainable use of pesticides, there is a need to reduce the impact of pesticides on the environment. Integrated protection involves the use of all available methods and ways to ensure safe and effective crop growth, and ensuring protection of the environment and human health, providing positive economic effects as well. Using the principle of sustainable use of pesticides should draw attention to the techniques used in the treatment of plant protection. The important issue here is the appropriate fit of the spraying techniques, taking into account the degree of plants coverage and the size of droplets produced by the agricultural sprayer. Therefore, in agricultural practice a standard ASAE S572.1 (2009) is the most often used standard for determining the droplet size produced by agricultural nozzles.
Flat fan nozzles and their operating parameters defining a plurality of standards and regulations have been extensively studied. Their technical condition and performance have a very big impact on the degree of coverage on the plants and this results in biological and economical effectiveness of the treatment as well as human and environment safety (Huyghebaert, 2015) .
The droplet size has an important effect on the pesticide application process. For example, small size droplets have a tendency to drift and cause environmental problem. Subr et al. (2015) found that reducing the spraying pressure (from 3 to 2 and then to 1 bar) results in smaller drops size (VMD) in the center and edges of the spray pattern.
In agriculture, different types of water are used for crop protection activities depending on the location of the farm, and each of them has a different surface tension. Surface tension has influence on the quality of the produced spray droplets, which effects in turn the degree of coverage on the plants surfaces. Therefore, the most appropriate droplet size for the spraying, and the dose of the adjuvant should be included on the label of a plant protection product (Czaczyk, 2014) .
Decresing the surface tension of pure spray causes a decrease in the droplet size for three types of nozzles tested by Butler Ellis et al. (2001) . However, the degree of this decrease which depends on the nozzle type is less than expected by spray formation theories. Massinon et al. (2017) observed an increase in the quantity of drops reaching a pre-wetted surface of bean and avocado as the surface tension of the spray decreased.
Butler Ellis et al. (1997) , confirmed that the quality of the spray produced by flat-fan nozzles is influenced significantly by the liquid properties, the last one could be changed by adding the adjuvants. For example and according to their research, using the adjuvants influenced the variations of droplet size significantly, and also affected the spray fan thickness.
The aim of the study was to verify and determine how water taken from a different sources, with variable surface tension and with or without the adjuvant has an impact or changes the droplet size produced from agricultural nozzles.
MATERIALS AND METHODS
The water used in the test came from four different sources :
A: demineralized water obtained from the laboratory of the UP Lublin; B: farm well located in the village of Sosnówka; C: tap water from UP Lublin building; D: tap water from a farm located in the municipality of Sosnówka.
Surface tension was measured by using the device DSA30 Kruss by hanging drop. In this method, based on the obtained image and the drop shape analysis evaluates the surface tension. Before taking measurements to the software that controls the operation of device introduced the necessary data about the diameter of a needle dispensing measured drops (1.828 mm) and a density of analyzed samples (0.998 g / cm3). Then, each sample was taken after 10 measurements of the surface tension of injecting drops of a certain volume following the recommendations of the manufacturer (User Manual V1. 2004) . A drop should be large enough to allow the weight to keep the needle tip and measurement of the value of surface tension. For water without adjuvant there were dispensed droplets with a volume of 28 ml while for the water to 100% the recommended dose of adjuvant droplet size allowing for measurement was 14 ml. Dispensing drops was carried out by the program control device.
Three TeeJet XR 110/03 nozzles were used to test the size of droplets. Before initiating the test, the flow rate of the nozzles was checked to be sure if it is the same like the nominal flow rate provided by the producer. The measurements of droplet size were done during the flow of the spray and with three repetitions for every position of the spray pattern. The used working pressure was 2, 3, 4 bar and it was gained from air pressurized water tank. The start and stop of the spray was controlled with a solenoid valve, and the position of the nozzle regarding the sampling area was controlled by an electro-mechanical positioning system and with the help of computer software.
The measurement of the droplet size was done by using laser diffractometer HELOS KR with a measuring range of 1 to 3500 microns. The nozzle was positioned in the axis of the laser light and moved every 20 cm intervals in both directions. The distance between the nozzle tip and the laser light was 50 cm.
RESULTS
The addition of adjuvant contributed to reduction of the surface tension of water from each source. However, it should be noted, that the percentage change in the surface tension was not the same in each case.The results of the measurements of surface tension are presented in the form of average values obtained during research. The average results ( fig. 1 ) of the measurement of the surface tension of water without adjuvant were similar (ranged from 71 to 74). After the addition of the adjuvant. decrease in surface tension was observed. The largest decrease in surface tension after adding the recommended dose of the adjuvant was observed for the water from the source B and C. the decrease was almost half of the original value. Surface tension of water from the A and D are decreased by about 35% compared to the surface tension of water without the adjuvant.
The standard deviation of the water surface tension without the addition of adjuvant ranged from 0.52 to 0.66 (table 1). After using the adjuvant. the best value of the standard deviation gained from using water from source A and reached a value of 1.17. while the worst value (value 3.33 ) was when using water D.
The obtained results show that the addition of adjuvant reduces the surface tension of water. and it is also reflected in the change in the droplet size produced by agricultural sprayers.The results of the measurements of volume median diameter are presented in the form of average values obtained during research. Table 2 presents the results of VMD with and without adjuvant with different position. pressure and water source. The higher changes in the VMD were when using adjuvant (which mean the surface tension is smaller) with pressure 2 and 3 bar with all sources of water when averaging the results of all the spray pattern. When using 4 bar pressure there was difference in the VMD for the results obtained from the center position and the averaged result of the spray pattern. However. there was no difference for the same pressure when adding adjuvant or without it.
The figure 2 shows the drops size distribution for normal water (B) without adjuvant. There was difference in the drops size distribution for almost all the size ranges between the averaged results and the results which were obtained in the center of the spray pattern. These differences come from the diversity of the drop size distribution of the flat fan nozzle spray cloud. for this results the difference comes from the different drops size in the center of the spray pattern and the edges of this pattern. Table 3 shows drops size distribution with and without adjuvant in different measuring positions for the water from the source B. Adding the adjuvant did not result in a big difference in the drops size distribution for all the size ranges. However. from table 2. adding the adjuvant produced smaller values of VMD in the center position only with 2 bar pressure. For the averaged results. the VMD was smaller when using 2 and 3 bar pressure. This mean the VMD did not change with 3-bar pressure with and without adjuvant and in the center position. This explains why the drops size distribution was almost the same with and without adjuvant in the center position. 
CONCLUSION
The study has shown that:
1-The use of the recommended dose from the adjuvant manufacturer has significant impact on the change of the surface tension, but only slightly reduces the diversity of the produced droplets in the different areas of the spray cloud. Best use of adjuvant can be observed by changing the VMD for the whole spray cloud. 2-Spraying with 2-bar pressure results in bigger differences of the VMD with all water sources and in the different ways of calculating VMD. 3-Using different water sources results in different values of VMD in the center of the spray pattern and in the averaged VMD of the spray pattern. 4-The VMD in the center of the spray pattern does not represent the VMD of the whole spray cloud due to the diversity of the droplets size within the spray cloud.
